Peter robson was a distinguished scientist/engineer, internationally renowned for his pioneering work in the field of iii-v semiconductor materials and devices. His early research was on the theory and experimentation of guided microwaves, and he was able to apply this expertise directly to semiconductors when his work moved from vacuum devices to the solid state. A further move occurred when his semiconductor research shifted from microwaves to the optical part of the electromagnetic spectrum. Peter made significant contributions to the then new field of optoelectronics and produced a lasting legacy. Much of his research on semiconductors sowed the seeds for many technological developments that have an enormous impact on our lives today, such as the internet and mobile phones.
eArly yeArs
Peter robson was born in bolton, lancashire, the elder of two children of thomas Murton robson, a Chartered Accountant, and edith robson (née Gresty). Although neither of his parents had any background in engineering, his paternal grandfather, Joseph Murton robson of Jarrow, was an engineer and Managing Director of Wallsend slipway, a shipbuilding company. He had travelled extensively in China and Japan, managing a foundry in shanghai for a time, and as a boy Peter loved to listen to tales of his grandfather's adventures. Perhaps it was this that sparked his interest in engineering.
His education started at Devonshire road school, one of the most successful primary schools of the bolton education Committee, and from there he entered bolton school in 1942 on a scholarship. He showed no great aptitude for sports at school, but his academic record of a mirror for a 6-inch reflecting telescope and, with his father, he built model yachts and competed in racing them.
on leaving school in 1949 he entered a College Apprenticeship programme with the Metropolitan-vickers company, where he gained a good grounding in basic engineering skills. However, he aimed at entering Cambridge University as an engineering student, and to this end he even studied latin after work in the evenings. (At that time, knowledge of a classical language was a prerequisite for entry to the ancient universities.) He was successful in achieving his ambition, going up to Cambridge as an exhibitioner of Downing College in 1951. there, predictably, he read for Parts i and ii of the Mechanical sciences tripos with concentration on electrical engineering. He also continued climbing and hill walking, now as a member of the Cambridge University Mountaineering Club.
After graduating, Peter was persuaded by Willis Jackson, the Director of research, to return to Metropolitan-vickers (now renamed G.e.C. Manchester) as a research engineer working on microwave problems in the radiation research laboratory, which specialized in the development of high-energy linear electron accelerators for use in physics research and in treating cancer patients. this work was classified, so he was exempt from the twoyear National service that was otherwise obligatory at that time. it was here that he met two people who would have major influences, in different ways, on his future life. the first was a young woman named Anne semple, who later became his wife; the second was Alex Cullen (Frs 1977), renowned for his work on microwaves, who was spending three months in the laboratory on sabbatical leave from University College london. After Peter had spent about three years in industry, Cullen, who had meanwhile been appointed the first Professor of electrical engineering at the University of sheffield, invited him to interview for a position in the sheffield department. Peter was excited by the prospect; he was offered the position, accepted, and was thus launched on what proved to be a career of great distinction.
Guided microwAves
Peter's early work, after graduation, centred on theoretical studies of guided microwaves and travelling wave parametric amplifiers. His work at Metropolitan-vickers is summarized in a publication of 1958 (1)* in which, using Fourier series, he was able to model dispersion curves accurately for circular iris-loaded waveguides.
He continued his work on the theory of microwaves and began to use experimentation to verify the theoretical findings. indeed, one is reminded from his papers that academics at that time were relatively free from modern administrative pressures and were able to conduct significant experiments themselves! Much of this work was funded by the Ministry of Defence and the General electric Company, UsA. one paper (2) describes the operation of a frequency doubler apparatus he designed to demonstrate the improved efficiency from a re-circulating, or resonant, parametric amplifier, in which the incident wave is so placed in a resonant cavity that the signal to be amplified or converted is recombined, in phase, with the incident signal. theoretical predictions of the improved power conversion efficiency in a practical, lossy, system were also compared with that directly measured on the apparatus. this paper well illustrates Peter's rare ability as both an experimentalist and a theoretician. A feature of this and related publications is the inclusion of very insightful descriptions of the physical mechanisms behind the complex theory and experiment. Peter's ability to operate comfortably in sophisticated theoretical regimes, coupled with his extensive experience in experimental design and measurement and a desire to explain everything in terms of physical fundamentals, impressed colleagues and students alike. in 1963 Peter was awarded a PhD degree as a staff candidate for work performed during the previous six years at sheffield.
tHe BeGinninG oF tHe semiconductor erA Peter continued to contribute significantly to progress in the guided microwaves field into the mid-1960s. However, a paper appeared in 1965 describing Gunn effect oscillators (3). Although still in the field of microwave generation, this paper marked the first indication of his interest in the then emerging field of solid state electronics, specifically iii-v semiconductors, of which gallium arsenide (GaAs) was the most popular at the time. After the announcement of the Gunn effect in 1963 there followed a flurry of papers over the next few years on the subject of microwave oscillations in bulk GaAs, and Peter was in the thick of it. His theoretical skills, honed from his guided microwave work, made him well placed to contribute to the theoretical understanding of the Gunn effect-but how could he perform experimental measurements on samples of GaAs to back up his theoretical ideas? sheffield was not yet equipped for such experiments so, recognizing the importance of this rapidly rising field, Peter sought and was accepted for one year's sabbatical study at the W. W. Hansen Microwave laboratory of stanford University with Gordon Kino, who had already made significant strides in elucidating the Gunn effect in GaAs. Here Peter was able to demonstrate (4) the first-ever two-port semiconductor travelling-wave amplifier by coupling in a microwave signal at one end of a direct-current-biased n-type GaAs bar 1 mm long and coupling out a magnified signal at the other end (figure 2). A unilateral gain of 30 db was observed. the concept was remarkably similar to that in the travelling-wave tubes he had studied previously. on returning to sheffield as a professor in 1968 after a sojourn at University College london, Peter continued work on the Gunn effect and related devices. At this stage he installed facilities for photolithography and enhanced semiconductor processing and characterization at sheffield and obtained epitaxial GaAs slices from Monsanto or from others among his extensive contacts in UK industry. in particular, Peter acquired some rare high-purity epitaxial GaAs from standard telephone laboratories in Harlow, which greatly helped him to continue his experimental studies of the Gunn effect. Crucially, this material was essentially devoid of electron traps that otherwise would have frustrated the experiments. in about 1970 he began a collaboration with N. Hashizume of the electrotechnical laboratory, tokyo. this was the start of many such collaborations with prestigious Japanese laboratories, involving both researchers visiting sheffield and Peter visiting Japan for short periods. the Japanese collaborations over future years included NeC, Fujitsu laboratories and Ntt.
in the early 1970s Peter diversified into studying indium phosphide (inP) Gunn devices, based on the transferred electron effect, and collaborated closely with Plessey research laboratories at Caswell, which supplied devices for his measurements. He demonstrated, for the first time, stable GaAs and inP transferred-electron reflection amplifiers at about 35 GHz and measured their noise figures. the noise figure for inP was found to be much less than that of GaAs (5). At this time he also contributed so much to the understanding and to the development of practical iMPAtt (impact avalanche transit time) devices. Peter's fundamental measurements on the velocity of electrons in iii-v materials at this time made possible the accurate design of solid state microwave oscillators and amplifiers. A new microwave time-of-flight technique for measuring high-field drift velocity in micrometre-length semiconductor samples was developed (6) that alleviated the need for ultra-high-purity semiconductors, which were difficult to come by at the time. Gunn and iMPAtt oscillators are used extensively today in accurate vehicle radar speed measurement (speed traps) and collision-avoidance radar for up-market cars.
the year 1972 marked the beginning of sheffield's long association with iii-v crystal growth, which continues today. Peter started work on liquid-phase epitaxy (lPe) of inP with the help of Arnoldo Majerfeld, whom Peter met during the latter's sabbatical year. Arnoldo Majerfeld had already joined the electronic and electrical engineering Department at sheffield from stanford University. the princely sum of £12 000 was awarded by the University in 1972 to build a 40 m 2 clean room (figure 3), and work began on home-built, low-thermal-mass, look-through lPe furnaces to occupy it. At last Peter had a means to supply bespoke semiconductor wafers for his experiments. Although it was not realized at the time, the £12 000 turned out to be a shrewd investment on the part of the University. this basic crystal growth facility was the precursor of the present large engineering and Physical sciences research Council (ePsrC) facility at sheffield whose funding, initiated in 1978, currently extends to at least 2015. the in-house supply of semiconductor material greatly enhanced Peter's work, offering custom structures and material combinations not available commercially or able to be acquired from his numerous industrial contacts.
With the availability of crystal growth facilities at sheffield, the technology for producing different iii-v semiconductor structures for use in devices was advanced, and Peter's group was able to study new combinations of materials and devices. Fundamental crystal growth techniques from the liquid phase were also developed in Peter's group. these were technologically important in their own right as well as enabling studies of the charge-carrier transport properties of inP, GaAs and the alloys AlGaAs and inGaAs(P). Prototype transistors from these materials were the forerunners of those used in mobile phones today. His group was also successful in making accurate measurements of ionization coefficients on charge carriers in a range of in-house produced materials. this was important work for the prediction of noise in high-frequency electronic devices and, together with the transport measurements, it pointed the way to the materials used in today's high-frequency applications. Peter still kept up his traditional links with theoretical calculations, making predictions on device characteristics as well as fundamental materials properties, and moving into numerical techniques such as the Monte Carlo method for calculations of charge transport in semiconductors, made more accessible by the advent of early desktop computers at that time.
A significant milestone in Peter's career was the publication of his first paper on optoelectronics (7) in 1979, which marked a move away from electronic devices that relied on charge transport, towards the burgeoning field of optoelectronic devices using light or photons for their function.
reseArcH council centrAl FAcilities the steady increase in the reputation of Peter's group at sheffield was to reap a reward that became influential in semiconductor research at sheffield for the next 30 years or so and continues to the present day. the solid state Devices Panel (ssDP) of the science research Council (srC, now the ePsrC) electrical and systems engineering Committee was asked to consider and report on the policy and criteria for srC support of research in areas of solid state devices that held out promise of early benefit to the UK. the report's main recommendations (November 1975) were as follows: Where effective research requires expensive and high quality facilities, these should be established in a few centres selected by srC following an examination of the interests of, and possibilities for expansion in, existing university departmental facilities. research workers from other departments would be entitled to use these facilities following a successful application to srC.
in May 1976 a 'Facilities Working Party' was set up to consider bids from various universities. Fifteen departments submitted proposals for establishing so-called Central Facilities. Peter and his group at sheffield proposed lPe for iii-v semiconductor non-standard layers, initially GaAs and GaAlAs. Four universities were selected: edinburgh and southampton to maintain silicon-processing facilities, surrey for ion implantation and sheffield for iii-v semiconductors. initial funding for sheffield allowed for the creation of a 90 m 2 clean room to add to the existing 40 m 2 room. staff appointments included two research associates and one technician, and a start date of November 1978 was agreed on. it is generally accepted that it was Peter's influence and vision that greatly promoted the concept of Central Facilities and it was his outstanding reputation in the field of iii-v semiconductors that led to this Facility being placed at sheffield. A feature of Peter's negotiation skills in dealing with the University to acquire accommodation for the new Facility was his ability to put forward reasoned arguments without ever appearing too forceful. this earned him the great respect of those who first met him through these negotiations.
the concept of the Central Facility was quickly proven, and the sheffield Facility, under Peter's directorship, went from strength to strength. the lPe furnaces were supplemented in 1981 by the first commercial metal organic vapour-phase epitaxy (MovPe) reactor for GaAs and GaAlAs wafer growth. A further two lPe reactors were built in 1982 for the inP and inGaAsP materials system, which was gaining importance for the new optoelectronics era, leading to the widespread use of optical fibre communications systems and the enabling of the internet. Further expansion in 1984 resulted in the purchase of a molecular beam epitaxy (Mbe) reactor (figure 4) for inP, GainP, GaAs and inGaAs to complete all three methods of iii-v crystal growth and significantly enhance the range of materials.
the period from 1983 to 1987 saw the addition of new MovPe and Mbe reactors, some to replace older machines, and the significant expansion of clean-room space, where Peter used his excellent negotiation skills with the University to very good effect in accommodating the larger facility. Full device fabrication and materials characterization capabilities were established. by now, the Facility was covering nearly all of the material combinations possible within the iii-v group of semiconductors and was supporting the majority of other University groups in the field. At one stage the number of ePsrC grants being supported by the Facility reached 40.
Peter had realized that a state-of-the-art capability was necessary if the Facility was to remain relevant in a rapidly progressing field, and the route to this was through a strong inhouse research capability, which he always promoted vigorously. tHe oPtoelectronics erA As stated above, the late 1970s marked Peter's move away from semiconductor devices for microwave applications to the emerging area of optoelectronics. At about this time, great strides were being made in the field of optical fibre communications, which required devices to generate and detect short light pulses to enable the rapid digital transfer of large amounts of data. the impact of these emerging systems went far beyond the initial application to highcapacity and long-distance telephone links. optoelectronics, with iii-v semiconductors as the key technology, became the essential foundation of the internet. the UK was very active in this field, and the Facility that Peter had set up in sheffield was in an excellent position to play a big part in this technological revolution. His theoretical expertise in electromagnetic propagation, earlier directed specifically to microwaves, was now applied to the infrared and visible bands of the spectrum.
the seminal paper on strain-induced optical guiding appeared in 1979 (7), and at the time this was felt to be the key to future optical-based computing. the year 1981 marked a significant milestone towards all-optical computing when Peter and his group demonstrated an optical directional coupler switch making use of the electro-optic effect (8). A few years later, a multiple-quantum-well waveguide switch was demonstrated for the first time (9), which made use of the intensity dependence of the refractive index of such structures. in 1988 the prospects of all-optical signal processing, leading to very-high-speed computers, were advanced considerably when Peter's group published (10) a method of selective growth of semiconductor optical waveguides within windows of silica on semiconductor substrates. Peter also announced (11) the discovery of impurity-induced disordering in multiple-quantum-well structures that enabled the selective area modification of the structure's refractive index. these technologies had the potential to make the production of optical integrated circuits for high-speed computer applications considerably easier. Despite these advances, computer processors based primarily on optical rather than electronic digital switches remain an elusive goal today. Progress on alloptical digital processing since Peter's pioneering work has not gained prominence because of the rapid advance in performance of competing silicon-based microprocessors. However, alloptical switches have regained attention as one of several technologies being considered for fast processors as silicon nears the end of its development potential. Additionally, all-optical processing is now considered to be the key to cheap optical fibre access to the home. Peter's early optoelectronic work was indeed visionary. other pioneering work from Peter's group during the latter part of his career included vertical-cavity surface-emitting lasers. these lasers are cheaper to produce, have more tuning flexibility and emit light vertically from the wafer surface with lower beam divergence when compared with traditional edge-emitting lasers. Peter and his group were able both to understand more fully the operating and limiting mechanisms and to develop the required complex crystal growth and device fabrication technologies. these devices currently have applications in displays and chip-to-chip communication in next-generation microprocessors. studies of carrier impact ionization for applications in sensitive infrared detectors also formed part of Peter's later work. the built-in amplification afforded by the impact ionization mechanism is the solid state analogue of photomultiplier tubes, and it has led to devices that are able to count single photons, with important applications in cryptography.
Peter robson never lost his boyish enthusiasm for his subject. some likened the dedication with which he approached research work to that of someone engaging in a hobby. this passion, together with the many discussions imparting wonderful insights, is remembered by more than 60 successful PhD students and the numerous postdoctoral staff he taught and inspired. speak to any of those whom he mentored and the strong message comes back of a teacher with superb intellect, always willing to spend time explaining complex scientific and engineering concepts, and displaying the attributes of a real gentleman. the significance of Peter robson's work, which is backed by 152 research publications in high-impact scientific journals, is more formally recognized by many presentations at prestigious international conferences, by his services on many research Council committees and major Department of trade and industry and Ministry of Defence advisory panels, and by his important role in the monitoring of Ministry of Defence strategic research Programmes. He served on, or acted as chair of, no less than 41 national and international committees and many university committees, and served as Dean of engineering during his career. Peter also held visiting professorships in india (Delhi and Calcutta), China (beijing and shanghai), Japan (Kyoto University) and spain (Madrid).
Honours And distinctions
Peter was elected a Fellow of the institution of electrical engineers (iee) in 1972 and of the institute of electrical and electronic engineers (ieee) in 1981, and then a Fellow of the royal Academy of engineering in 1983. in that same year he was awarded the obe, in the main, it is believed, for his dedication to services in Ministry of Defence advisory and monitoring roles. election as a Fellow of the royal society followed in 1987, and he was recipient of the iee's J. J. thompson medal in 1991. the year 2000 was marked by Peter's election as a life Fellow of the ieee and the receipt of an honorary Deng degree from the University of sheffield. retirement Peter retired in 1996 but kept in close touch with research students as an emeritus professor and afterwards continued to contribute to the semiconductor group for many years. Many of the research topics started by Peter still form the nucleus of continuing research work at sheffield.
leisure Activities And interests
After his retirement in 1996, Peter continued his passion for his subject and was still a regular contributor to the semiconductor group at sheffield, where he was in great demand by students seeking his insightful advice. He continued his love of the outdoors and was a keen gardener. in addition, he found more time in retirement to pursue his interest in woodwork, especially French polishing. Most of all, he enjoyed travelling frequently to France with his wife, Anne, to visit their daughter and family near Fontainebleau and their family house in burgundy, which has a small vineyard. Peter loved to go there and help with the grape harvest.
sadly, for the last four years of his life he suffered from depression and was unable to travel abroad or engage in many of the activities he had so much enjoyed. Peter died from bronchopneumonia on 10 January 2010.
